The sanitation target of the Sustainable Development Goals is that everyone should have a 'safelymanaged' sanitation facility by 2030 and that open defecation be eliminated. The scale of this target is unprecedently large: ∼5.6 billion additional people will require safely-managed sanitation by 2030 (∼1 million per day), and ∼1.3 billion people will need to switch from open to fixed-defecation in a sanitation facility by 2030 (240,000 per day). Safely-managed shared sanitation and container-based sanitation are both likely to be part of the solution, particularly in urban slums. The SDG hygiene target covers facilities for handwashing with soap, menstrual-hygiene management, and food hygiene, but only handwashing with soap is monitored by WHO/UNICEF. In 2015, the percentage of people with handwashing-with-soap facilities at home ranged from 15% in Sub-Saharan Africa to 76% in Western Asia and North Africa. The costs to meet these targets are around US$46 billion in urban areas, and US$25 billion in rural areas, per year during 2016-2030. Benefit-cost ratios are ∼18 in rural areas. There is a correspondingly considerable need for training local sanitation and hygiene professionals, so that they can plan and design interventions to meet the SDG target.
INTRODUCTION
'Adequate sanitation is the most effective public-health intervention that the international community has at its disposal' (The Lancet ). It is clearly correct therefore that sani- This represents a significant increase in ambition when compared to the target for sanitation in the Millennium Development Goals (MDGs). There is a required considerable step-change both in scale (essentially the SDG sanitation target calls for sanitation 'for all', whereas the MDG sanitation target was not 'for all'), and in level of service (going beyond 'improved' sanitation to 'safely-managed' sanitation, as detailed below). SDG #6.2 is the latest in a long list of global sanitation challenges: the first was the International Drinking Water Supply and Sanitation Decade (1981-1990) which, like SDG #6.2, called for water and sanitation for all by 1990. This was followed by Safe Water 2000 (1991 -2000 water and sanitation for all by 2000. Next came the sanitation target of the MDGs (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , which was not sanitation for all by 2015, but to reduce by half the proportion of people without 'improved' sanitation compared to the baseline in 1990. None of these targets was met and in 2015 there were 2.35 billion people without access to improved sanitation; this number included 882 million people who were without any sanitation facility whatsoever and thus forced to defecate in the open (WHO/UNICEF ).
In this paper we set out to understand the scale and nature of the challenge set by SDG #6.2 and identify some of the critical barriers and opportunities that they present in terms of sanitation and hygiene. In the first section we examine the definitions of sanitation and hygiene used in setting and monitoring these new targets. In the second section we look at four principal challenges associated with the SDG #6.2: population growth during 2016-2030, the number of people requiring safely-managed sanitation and hygiene in this period, the current wastewater and faecal sludge treatment deficit, and the elimination of open defecation. In the third section we summarise the most recent estimates of costs for achieving SDG #6.2 and determine benefit-cost ratios for safely-managed sanitation in rural areas. In the final section we propose some ways forward in light of the immense challenges which must be overcome before the world achieves universal access to safely-managed sanitation. 
SANITATION AND HYGIENE DEFINITIONS

Basic and safely-managed sanitation
For the SDG period JMP has proposed a change in nomenclaturethe use of the descriptor 'basic' to refer to 'improved' sanitation, as defined above, with specifically no sharing of the sanitation facility with other households (JMP a). It also introduced the concept of 'safely-managed' sanitation facilities, which are defined as basic sanitation facilities from which excreta are safely disposed of in situ or, as faecal sludge and wastewater, are transported and treated off-site.
There are no definitions of the terms used in SDG #6.2, but 'normative interpretations' are given in JMP (a).
'Adequate' sanitation is interpreted as implying 'a system which hygienically separates excreta from human contact as well as safe reuse/treatment of excreta in situ, or safe transport and treatment off-site'. Thus 'adequate' sanitation is 'safely-managed' sanitation.
Sanitation for alldiscrimination and inequalities 'Equitable' sanitation in SDG #6.2 is interpreted by JMP (a) as implying the 'progressive reduction and elimination of inequalities between population sub-groups'. It can be considered part of the definition of 'for all', which includes, inter alios, the disabled ( Jones ; WSSCC & peoples (Jiménez et al. ; Moorhead ) . Other groups of people that need to be included explicitly in 'for all' are slum-dwellers and the homelessfor example, pavement dwellers and, especially, street children (Panter-Brick ;
van Rooyen & Hartell ; Patel ).
The developing world is riddled with social inequalities (Rama et al. ) , including unequal access to sanitation (whether safely-managed, basic, shared or unimproved). The poor continue to gain the least satisfactory access to sanitation: in India, for example, the poorest wealth-quintile received only 3% of the sanitation improvements made during 1995-2008, whereas the two highest wealth-quintiles together received fully two-thirds of the improvements (JMP ).
Discrimination in access to sanitation and hygiene facilities is widespread in low-and middle-income countries.
Groups and individuals particularly disadvantaged in obtaining access to sanitation and hygiene include those discriminated against on grounds of: (a) sex and gender, including sexual orientation and gender identity; (b) race, ethnicity, religion, national origin, birth, caste, language, and nationality; (c) disability, age, and health status; (d) property, tenure, residence, and economic and social status; and (e) political or other opinion, marital and family status, and those in vulnerable situations (see below) (Van de Lande ). An individual may experience discrimination on two or more of these grounds; such an effect is likely to be greater than the simple sum of the two or more grounds of discrimination.
Hygiene 'Hygiene', which has not been addressed hitherto in relation to global sanitation targets, is interpreted as implying 'the conditions and practices that help maintain health and prevent spread of disease including handwashing, menstrual hygiene management (MHM) and food hygiene' (WHO/ UNICEF ).
Handwashing with soap
Recognizing the critical nature of handwashing with soap, JMP 'proposes handwashing with soap at home as a core indicator for tracking target 6.2' (JMP b). This is important as IHME () reports a global DALY (disability-adjusted life year) loss due to 'no access to handwashing facility' of 35.3 million years in 2016 for both sexes and all ages. Most of this DALY loss occurred in Sub-Saharan Africa (21.4 million years) and in South Asia (10.7 million years). Simple facilities for handwashing with soap are available (for example, the 'tippy tap' described by Morgan ), but their availability and use need to be much more widespread than at present ( Jenkins et al. ) .
Menstrual hygiene management
There is a growing literature on the importance of water and sanitation, including at schools, for MHM (for example, 'I want to make a beginning today itself and that isall schools in the country should have toilets with separate toilets for girls. Only then our daughters will not be com- 
Food hygiene
This is, of course, a very large field and a closer definition of what is appropriate in the context of meeting SDG #6.2 is required. This could be, for example, simply the availability of sufficient quantities of clean water for handwashing and food preparation and for cleansing cooking utensils after use, and the use of sanitation facilities to contain excreta such that flies and rodents are discouraged from spreading excreta-related diseases via the faeco-oral route: pathogens in excreta → flies/rodents → food → mouth; both should be coupled with food-hygiene education. 
Those in vulnerable situations
'Those in vulnerable situations' is interpreted as implying 'attention to specific WASH (water, sanitation and hygiene) needs found in 'special cases', including refugee camps, detention centres, mass gatherings and pilgrimages' ( JMP a). UNHCR () reports the global mid-2015 number of refugees and those in refugee-like situations as 65.6 million. Approximately half this number is in refugee camps, many of which (even an approximate number is unknown) may be assumed to have suboptimal water, sanitation and hygiene facilities. Alwan () notes that:
'Jordan's refugee population has doubled in recent years, whereas Lebanon's has tripled to the point where almost 30% of its population today comprises refugees. These increases in numbers have put immense pressure on national systems as demands on services for health, education, water and sanitation have increased exponentially.'
Regarding 'detention centres' (which include prisons), Tkachuk & Walmsley () report that:
'In many parts of the developing world the issue of prison overcrowding has led to conditions where […] they are all too often unable to provide for the most basic of human needs, including the provision of food, clean water, blankets and shelter, and basic health care' [to this we would also include the inability to provide safe sanitation].
Clearly much work remains to be done to provide safelymanaged sanitation and hygiene to these vulnerable groups, and this represents a major Sanitation and Hygiene Challenge in itself.
Affordability
One descriptor missing in SDG #6.2, and in the proposed unprecedented sanitation challenge, and one that is very unlikely to be able to be met.
Numbers requiring safely-practised hygiene during
2016-2030
The total number of people with access at home to 'basic'
handwashing facilities with soap is unknown. WHO/ UNICEF () reported the percentage of people with handwashing-with-soap facilities at home in 70 countries: this varied from 15% in Sub-Saharan Africa to 76% in Western Asia and North Africa, but the available data were insufficient to produce a global estimate. The availability of handwashing-with-soap facilities at home does not mean that they are always used after use of a sanitation facility or contact with young children's excreta, before preparing food, and before eatingin fact, the world is not good at this: 
Wastewater and faecal sludge collection and treatment
The safe collection and treatment of wastewater and faecal sludge are both required for 'safely-managed' sanitation. As noted above, WHO/UNICEF () reported that 4.5 billion people lacked this level of service in 2015. Baum et al. () estimated that in 2010 there were ∼1.5 billion people connected to a sewerage system but without wastewater treatment. Assuming that this figure is roughly the same for 2015, this would mean that there were then ∼3 billion people with on-site sanitation facilities in which the in-situ disposal of excreta was not possible and from which faecal sludge was not safely transported to a safely-operated treatment plant.
Regarding wastewater treatment, SDG #6.3 is to: In many developing countries the percentage of wastewater collected and treated is lowfor example, it is 10% in Vietnam, 4% in the Philippines and 1% in Indonesia (World Bank ). In Africa, a few cities do well, but most do notfor example, 80% of the wastewater from the sewered parts of the city is collected and treated in Nairobi (Wang 
Water scarcity
Mekonnen & Hoekstra () estimated that currently ∼4 billion people live under conditions of severe water scarcity for at least one month of the year, and ∼500 million face severe water scarcity throughout the year. Water scarcity is likely to increase in many parts of the developing world and it will have an impact on progress towards meeting SDG #6.2 as there may be insufficient, or only suboptimal quantities of, water for handwashing and personal cleanliness 
COSTS OF MEETING THE SDG SANITATION AND HYGIENE TARGETS
Costs are clearly important in achieving the safely-managed sanitation and hygiene target of SDG #6.2. However, it should be borne in mind that the current lack of sanitation is very expensive. The World Bank () reports that:
'Poor sanitation costs billions to some countries, amounting to the equivalent of 6.3% of GDP [Gross Domestic Product] in Bangladesh, 6.4% of GDP in India, 7.2% of GDP in Cambodia, 2.4% of GDP in Niger, and 3.9% of GDP in Pakistan annually.' 2. The capital investments required to achieve universal safely-managed water supply, sanitation, and hygiene by 2030 amount to about three times the current investment levels.
3. Sustained universal coverage requires more than capital inflows: financial and institutional strengthening will be needed to ensure that capital investments translate into effective service delivery.
Hutton & Varughese () further note that 'it is critical when choosing capital investments to take the financing of Over the lifetime of a sanitation facility, the costs of running the service to support its operation and maintenance may constitute up to 80% of the total costs. Some contribution to O&M costs can be recovered from the users of the water and sanitation services through their monthly water and sanitation bills, but generally this does not cover the full costs. This was confirmed by GLAAS (): 70% of the countries included in the study reported that tariffs did not cover O&M costs, and consequently the quality and coverage of services were at risk of decline.
Benefit-cost ratios for eliminating OD and basic sanitation Hutton () investigated the benefits and costs of eliminating OD and of basic sanitation. The benefit-cost ratio (BCR) for eliminating OD in rural areas depended on the assumptions made for the latrine-pit lifespan for single-household latrines: for a one-year latrine-pit lifespan the global BCR was found to be 6.0 at discount rates of 3 and 5%, varying The present value (PV) of the future benefits (B T ) or costs (C T ) accrued in year T is given by:
where r is the fractional discount rate (%/100). 
Safely-managed shared sanitation
A second way forward is to recognise that 'safely-managed shared sanitation' is the only solution in high-density urban slums as there is often no space for individual households to have their own sanitation facility (Rheinländer et and hygiene, and how to choose between them and design them. They also need to understand the essentials of good sanitation and hygiene planning and implementation, including for safely-managed shared sanitation, and how to design and implement user education programmes to ensure sustained correct usage of their sanitation and hygiene facilities. All the information required for these activities must be readily available to them in their own languages. Bilateral and multilateral agencies must work with governments and domestic NGOs to produce novel ways that are locally appropriate in the quest for Safely-managed Sanitation and Hygiene for All by 2030.
6. Notwithstanding these huge challenges, SDGs #6.2 and #6.3 are central to the global development agenda since, as noted by The Lancet () at the head of this paper, 'adequate sanitation is the most effective publichealth intervention that the international community has at its disposal'.
